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(54) Drive unit 

(57) In a drive unit using an electric motor as a driv- 
ing source, a coolant circuit for cooling the electric 
motor is simplified. The drive unit comprises an electric 
motor M and a circulation passage L for coolant for cool- 
ing the motor M in a drive unit case. There is provided a 
circulation passage F for second coolant different from 
the circulation passage L for coolant. A heat exchange 
portion C with the circulation passage L for the first cool- 
ant in the drive unit case is provided in the circulation 
passage F for the second coolant, and the first coolant 
for cooling the electric motor is cooled by heat transfer 
to the second coolant at one heat exchange portion on 
the drive unit case side. Accordingly, the coolant circuit 
on the drive unit case side is simplified. 
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Description 

BACKGROUND OF THE INVENTION 

TECHNICAL FIELD OF THE INVENTION 5 

[0001] The present invention relates to a drive unit 
in which electric motor is used as a power source, and 
more particularly, to a cooling technology in a drive unit 
for an electric vehicle or a hybrid drive unit. 

RELATED ART 

[0002] When an electric motor is used as a drive 
source for a vehicle, the load exerted on the electric 
motor varies significantly according to the running con- 
dition. Accordingly, in order to manage the heat genera- 
tion with a heavy load, cooling is necessary. Therefore, 
conventionally, there is a technology as disclosed in 
Japanese Patent Application Laid-Open No. 7-288949 
where in a drive unit case is provided with a water pas- 
sage for cooling the electric motor with water by passing 
water through the water passage. 
[0003] However, according to the construction of 
the conventional art, due to the fact such construction 
that the coolant passage is formed by winding the pipe 
in a spiral groove formed on the outer periphery of a 
casing, and substantially half of the circular section of 
the pipe is exposed from the outer peripheral surface of 
the casing, the structure is complicated, and is disad- 
vantageous in terms of cost and space. 

SUMMARY OF THE INVENTION 

[0004] Therefore, a first object of the present inven- 
tion is to provide a drive unit with which the electric 
motor incorporated in the drive unit case can be cooled 
efficiently in more simple drive unit case structure. 
[0005] Meanwhile, an electric motor requires a con- 
troller for its control (an inverter in the case of an alter- 
nating current electric motor). Since the controllers such 
as an inverter are connected to an electric motor with a 
power cable, they can be set in a proper position by 
being separated from the electric motor. However, for 
convenience of loading on a vehicle, there are cases 
where such controllers are integrated with the electric 
motor. Thus, when the controller is integrated with the 
electric motor, the controller sustains not only tempera- 
ture rise due to the heat generated by its own elements 
but also heat of the electric motor through a drive unit 
case. Therefore, controllers require cooling. . 
[0006] Thus, a second object of the present inven- 
tion is to provide a drive unit such that, even in the case 
of integrating the inverter with the drive unit case, both 
the inverter and the electric motor can be effectively 
cooled. 

[0007] In order to attain the first object as above, the 
present invention is characterized in that, in a drive unit 



comprising an electric motor and a circulation passage 
for a first coolant for cooling the electric motor in a drive 
unit case, a circulation passage for a second coolant dif- 
ferent from the circulation passage for first coolant is 
provided, the circulation passage for the second coolant 
has a heat exchange portion with the circulation pas- 
sage for the first coolant, and the first coolant for cooling 
the electric motor is cooled by the heat transferred to 
the second coolant at the heat exchange portion. 
[0008] In the above construction, in the case where 
an inverter for controlling the electric motor is provided, 
it is effective to adopt a construction, wherein the circu- 
lation passage for the second coolant has a cooling por- 
tion for cooling an inverter. 

[0009] Also, in the above construction, it is more 
effective to adopt a construction wherein the heat 
exchange portion is disposed downstream of the cool- 
ing portion of the inverter in the circulation passage for 
the second coolant. 

[001 0] Next, in order to attain the second object, it is 
effective to adopt a construction wherein the drive unit 
case comprises a partition wall for fixing an inverter to 
the case, and a flow passage for the second coolant is 
formed between the partition wall and the circulation 
passage for the first coolant, and the cooling portion of 
the inverter is used as the partition wall. 
[0011] It is more effective in the above construction 
to adopt a construction wherein isolating means for 
defining the first chamber facing the partition wall side 
and for defining the second chamber facing the circula- 
tion passage side is provided in the flow passage for the 
second coolant, and the first chamber and the second 
chamber are mutually communicated the upstream side 
in the circulation passage for second coolant being the 
first chamber and the downstream side thereof being 
the second chamber. 

[0012] Also, in the above construction, the con- 
struction may be such that isolating means for defining 
the first chamber facing the partition wall side and the 
second chamber facing the circulation passage side for 
the first coolant is provided in the flow passage for the 
second coolant, and the first chamber and the second 
chamber are connected in parallel to the circulation pas- 
sage for the second coolant. 

[0013] Furthermore, in any of the above construc- 
tions comprising the partition wall, it is effective to adopt 
a construction wherein the drive unit has an electric 
generator and a circulation passage for the first coolant 
for cooling the generator in a drive unit case and further 
comprises an inverter for controlling the electric genera- 
tor, the inverter being fixed to the partition wall. 
[0014] It is also effective to adopt such a construc- 
tion that, in a construction wherein the flow passage for 
the second coolant is formed by using the cooling por- 
tion of the inverter for the electric motor between the 
abovementioned partition wall and the circulation pas- 
sage for the first coolant, the drive unit case has a cool- 
ant container for the first coolant at a position facing the 
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flow passage for the second coolant 
[0015] It is more effective to adopt a construction 
that, in the construction having the coolant container for 
the first coolant, the coolant container is divided into one 
for the electric motor and one for the electric generator. 
[001 6] Further, it is also effective to take a construc- 
tion provided with an orifice tor distributing the supply 
proportions to both coolant containers in the flow pas- 
sage for the first coolant leading to the coolant container 
for the electric motor and the coolant container for the 
electric generator. 

[0017] It is also effective to take a construction 
wherein the coolant container has a dam in the vicinity 
of its exit. 

[0018] There can be a construction wherein the 
coolant container is defined by a stator of the electric 
motor or the electric generator. 

[0019] Further, it is effective to take a construction 
wherein the circulation passage for the first coolant has 
a flow passage passing through a rotor for the electric 
motor downstream the coolant container, and the flow 
passage is terminated at a discharge hole provided in 
the rotor. 

[0020] In the construction described in claim 1, by 
using as the first coolant a lubricant oil, ATF (automatic 
transmission fluid) which does not to give ill effect of cor- 
rosion or the like to the electric motor, very efficient heat 
transfer can be made through direct contact between 
the electric motor and the coolant, and moreover, the 
heat conveyed to the coolant by heat transfer can be 
discharged efficiently to the second coolant at one heat 
exchange portion. Accordingly, the motor can be cooled 
efficiently without complication of the circulation pas- 
sage for the first coolant passing through the drive unit 
case. 

[0021] Next, according to the construction 
described in claim 2, the first coolant for cooling the 
electric motor is cooled by the second coolant for cool- 
ing the inverter which is required for the electric motor 
control. In such cooling structure, the second coolant for 
cooling the inverter is also used for the cooling of the 
electric motor, thereby making it possible to make syn- 
thetic simplification of the cooling structure of the drive 
unit. 

[0022] Next, according to the construction 
described in claim 3, it is possible to prevent the heat of 
the first coolant which cooled the electric motor from 
being transferred to the inverter whose heat resistant 
temperature is lower than that of the electric motor. 
[0023] Also, according to the construction 
described in claim 4, because the system is such that 
the second coolant does not directly cool the electric 
motor but simultaneously cools the inverter the first 
coolant which cools the motor by circulation, the heat 
from the electric motor is reduced with respect to direct 
heat transfer by heat exchange to the second coolant 
through the first coolant, and thus it is possible to pre- 
vent the temperature rise of the second coolant from ris- 



ing above the heat resistant temperature of the inverter. 
[0024] Next, in the construction described in claim 
5, the coolant does not simultaneously cool the electric 
motor and the inverter. Instead, it first cools the inverter 

5 through the partition wall and then cools the electric 
motor through the drive unit case. Therefore, it becomes 
possible to conduct cooling according to the cooling 
temperature requirements of the respective inverter and 
electric motor by a single coolant. Thus, it is possible to 

10 cool both the inverter and the electric motor efficiently 
by a simple flow passage construction. Also, since the 
space between the integrated inverter and the drive unit 
case is used as a space for disposing the flow passage 
for coolant for cooling the inverter and the electric 

15 motor, it is possible to avoid a complicated construction 
such as that of conventional technology in which a cool- 
ant passage for exclusive use around the drive unit 
case, thereby leading to an improvement in space effi- 
ciency and a reduction in cost. 

20 [0025] Also, according to the construction 
described in claim 6, because the coolant flows respec- 
tively independently to the first chamber and the second 
chamber, it is possible to cool the inverter simultane- 
ously with the motor, and further it is possible to prevent 

25 the heat from the electric motor from being transferred 
to the inverter. 

[0026] In the construction as described in claim 7, 
the second coolant does not directly cool the electric 
motor and the electric generator but cools simultane- 

30 ously the inverter and the first coolant for cooling the 
electric motor and the electric generator by circulation. 
Accordingly, the heat from the electric motor and the 
electric generator is reduced with respect to direct heat 
transfer by heat exchange to the second coolant 

35 through the first coolant, and thus it is possible to pre- 
vent the temperature of second coolant from rising 
above the heat resistant temperature of the inverter. 
[0027] In the construction described in claim 8, the 
coolant does not simultaneously cool the inverter, the 

40 electric motor and the electric generator. Instead, it first 
cools the inverter through the partition wall and then 
cools the electric motor and the electric generator 
through the drive unit case. Therefore, it becomes pos- 
sible to conduct cooling according to the cooling tem- 

45 perature requirements of the respective inverter, electric 
motor, and electric generator, with a single coolant. 
Thus, it is possible to cool the inverter, the electric 
motor, and the electric generator efficiently with a sim- 
ple flow passage construction. Also, since the space 

so between the integrated inverter and the drive unit case 
is used as a space for disposing the flow passage for 
coolant for cooling the inverter, the electric motor, and 
the electric generator, it is possible to avoid a compli- 
cated construction such as that of conventional technol- 

55 ogy in which a coolant passage for exclusive use is 
provided around the drive unit case, thereby leading to 
an improvement in space efficiency and reduction in 
cost. 
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[0028] In the construction described in claim 9, 
because the coolant flows respectively independently to 
the first chamber and the second chamber, it is possible 
to cool the inverter simultaneously with the electric 
motor and the electric generator, and further it is possi- 5 
b!e to prevent the heat from the electric motor and the 
electric generator from being transferred to the inverter. 
[0029] In the construction described in claim 1 0, by 
providing a coolant container in the circulation passage 
for first coolant, it becomes easy to secure heat transfer 10 
area in the heat exchange portion with the second cool- 
ant, realizing a sufficient heat exchange between the 
first coolant and the second coolant improving heat 
exchange efficiency thereby. 

[0030] Furthermore, in the construction as 15 
described in claim 1 1 , by separating the coolant con- 
tainer into one for the electric motor use and one for the 
electric generator use, it becomes possible to individu- 
ally adjust the coolant amount to be supplied to the 
respective electric motor and electric generator from the 20 
coolant container. Accordingly, by making adjustments 
with orifice or the like, it is possible to supply a proper 
amount of coolant to the electric motor and the electric 
generator, thereby effectively cooling them according to 
their respective cooling temperature requirements. 25 
[0031] In the construction described in claim 12, it is 
possible to distribute and supply a proper amount the 
first coolant to the respective coolant containers of the 
electric motor and the electric generator, and thereby 
effectively cooling the electric motor and the electric 30 
generator in accordance with the respective heat loads. 
[0032] Also, in the construction described in claim 
1 3, it is possible to constantly maintain a fixed amount of 
the first coolant in a coolant container by means of a 
dam, which enables sufficient heat transfer to the first 35 
coolant, thereby further improving heat exchange effi- 
ciency. 

[0033] According to the construction described in 
claim 14, because it is possible to bring the first coolant 
into direct contact with the stator of the electric motor or 40 
the electric generator without being mediated by the 
drive unit case, the electric motor or the electric genera- 
tor can be cooled more effectively. 
[0034] According to the construction described in 
claim 15, the rotor of the electric motor can be cooled 45 
using the first coolant in the coolant container after heat 
exchange. Moreover, it becomes possible to cool the 
stator using the first coolant discharged from the rotor. 
Therefore, it is possible to conduct efficient cooling of 
the electric motor in which the circulation of the first so 
coolant can be effectively utilized to the utmost extent. 

BRIEF DESCRIPTION OF THE DRAWING 

[0035] 55 

Fig. 1 is a schematic diagram of a first embodiment 
in which the basic concept of the present invention 



has been embodied. 

Fig. 2 is a system construction diagram of a second 
embodiment in which the present invention has 
been further embodied and applied to a hybrid drive 
unit 

Fig. 3 is a side view showing the axial position rela- 
tionship of the drive unit of the second embodiment. 
Fig. 4 is a circuit diagram showing a hydraulic sys- 
tem of the drive unit of the second embodiment. 
Fig. 5 is a perspective view showing the appear- 
ance of a drive unit with an integrated inverter of the 
second embodiment. 

Fig. 6 is a schematic diagram showing conceptually 
a cooling system in the second embodiment. 
Fig. 7 is an exploded view showing the detailed 
construction of the second embodiment viewed 
from above. 

Fig. 8 is an exploded view showing a part of the 
constituting members shown in Fig. 7 viewed from 
below. 

Fig. 9 is a sectional view showing the detailed con- 
struction of the second embodiment. 
Fig. 10 is a sectional view taken along the line l-l of 
Fig. 9. 

Fig. 11 is a schematic diagram showing conceptu- 
ally a cooling system of a third embodiment of the 
present invention. 

Fig. 12 is a schematic diagram showing conceptu- 
ally a cooling system of a fourth embodiment of the 
present invention. 

Fig. 13 is a schematic sectional view showing con- 
ceptually a fifth embodiment of the present inven- 
tion. 

Fig. 14 is a schematic diagram showing conceptu- 
ally a cooling system of the fifth embodiment. 
Fig. 15 is a schematic sectional view showing con- 
ceptually a sixth embodiment of the present inven- 
tion. 

Fig. 16 is a sectional view taken along ll-ll of Fig. 
15. 

EMBODIMENTS OF THE INVENTION 

[0036] Hereinafter, embodiments of the present 
invention will be explained with reference to the draw- 
ings. Firstly, Fig. 1 schematically shows a first embodi- 
ment in which the basic concept of the present invention 
is embodied. This drive unit comprises an electric motor 
M and a circulation passage L for a first coolant (in this 
embodiment, oil) for cooling the electric motor M, in a 
drive unit case 10. Provided separately is a circulation 
passage F for a second coolant (in this embodiment, 
cooling water) different from the circulation passage L 
for the first coolant. The circulation passage F for a sec- 
ond coolant has a heat exchange portion (in this 
embodiment, oil cooler) C with the circulation passage L 
for the first coolant, and the first coolant for cooling the 
motor M is cooled by the heat transfer to the second 
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coolant at the heat exchange portion C. 
[0037] In this configuration, the drive unit is pro- 
vided with an inverter U for controlling the motor M, so 
that a cooling circuit for cooling the inverter U is utilized 
as a circulation passage F for the second coolant The 
circulation passage F for the second coolant has a cool- 
ing portion H tor cooling the inverter U. To this cooling 
circuit there is inserted a radiator R for cooling the sec- 
ond coolant. In this specification, the inverter means a 
power module comprising a switching transistor for con- 
verting the direct current for battery power source into a 
switching transistor (three phase alternating current in 
the case of a three phase alternating current electric 
motor) or accessory circuit elements, and a circuit sub- 
strate having an arrangement thereof. The oil cooler C 
functioning as the heat exchange portion is disposed 
downstream of the cooling portion H of the inverter U in 
the circulation passage F for he second coolant. In the 
figure, an abbreviation O/P denotes an oil pump, and P 
denotes a water pump. 

[0038] In the drive unit having such construction, by 
using oils such as lubricant oil and ATF (automatic 
transmission fluid) which do not have ill effect such as 
corrosion on the motor M as the first coolant, it is possi- 
ble to carry out heat transfer efficiently by the direct con- 
tact between the motor M and the oil, and yet, the heat 
transferred to the oil by heat transfer can be discharged 
efficiently to the cooling water as the second coolant at 
one heat exchange portion C. Thus, without making the 
circulation passage L for oil passing through the drive 
unit case 10 complicated, the motor M can be cooled 
efficiently. Furthermore, because the oil cooler C is dis- 
posed downstream of the cooling portion H of the 
inverter U, it is possible to prevent the heat of the oil 
which has cooled the motor from being transferred to 
the inverter U which has the lower heat resistant tem- 
perature than the motor. 

[0039] Next, a second embodiment in which the 
present invention has been further embodied will be 
described. Fig. 2 shows a system construction in the 
case where the present invention is applied to a hybrid 
drive unit. This unit has, as the principal construction 
elements, an internal combustion engine (hereinafter 
referred to as engine) E/G, an electric motor (hereinaf- 
ter referred to as motor) M, an electric generator (here- 
inafter referred to as generator) G, and a differential D, 
with a planetary gear set P of a single pinion construc- 
tion and a counter gear mechanism T being interposed 
between them. Furthermore, a one-way clutch O and a 
brake B are also provided. 

[0040] As illustrated by the actual positional rela- 
tionship of the axes in Fig. 3, the drive unit is of a four- 
axial construction in which the engine E/G and the gen- 
erator G are located on a first axis X 1t the motor M is 
located on a second axis X 2 , the counter-gear mecha- 
nism T is located on a third axis X 3 , and the differential 
D is located on a fourth axis X 4 , respectively. And, the 
engine E/G and the generator G are connected with the 



differential D through the planetary gear set P and the 
counter gear mechanism T. The motor M is connected 
with the differential D through the counter gear mecha- 
nism T. 

5 [0041] The motor M is connected with the counter 
gear mechanism T by meshing a counter drive gear 42 
fixed to a rotor shaft 21 of the motor M with a counter 
driven gear 44. The engine E/G is connected with the 
generator G and the counter gear mechanism T by con- 
To necting its output shaft 71 with a earner 62 of the plane- 
tary gear set P. The generator G is connected to the 
engine E/G and the counter gear mechanism T by con- 
necting its rotor shaft 31 with a sun gear 61 of the plan- 
etary gear set P. A ring gear 63 of the planetary gear set 
15 P is connected with a counter drive gear 43 on the first 
axis X-, meshing with the counter driven gear 44 of the 
counter gear mechanism T The counter gear mecha- 
nism T is of a construction having a counter driven gear 
44 fixed to a counter shaft 41, and a differential drive 
20 pinion gear 45. The differential drive pinion gear 45 
meshes with a differential ring gear 52 fixed to a differ- 
ential case 53 of the differential D. The differential D is 
connected with the wheels (not shown) as is common 
knowledge. 

25 [0042] The one-way clutch O is arranged with its 
inner race connected to the carrier 62 and the outer 
race connected to the drive unit case 10 so as to pre- 
vent reverse rotation of the carrier 62 by reactive force 
with a drive unit case 10. Also, the brake B is provided 

30 so as to secure the rotor shaft 31 of the generator G with 
the drive unit case 10 when necessary to prevent drive 
loss due to it rotating by the reaction torque when elec- 
tric generation is unnecessary. The brake B is arranged 
so that a brake hub is connected with the rotor shaft 31 , 

35 and a friction engaging member engages with the brake 
hub and the drive unit case 10. 

[0043] In the drive unit of this type of construction, 
though there is a speed reduction relationship by a gear 
ratio portion by the counter gear mechanism T between 

40 the motor M and the wheels, they are directly connected 
in terms of motive force transmission. In contrast, the 
engine E/G and the generator G are connected together 
indirectly in terms of motive force transmission through 
the planetary gear set P and counter gear mechanism 

45 T. As a result, by adjusting the generation load of the 
generator G with respect to the ring gear 63 which sus- 
tains the vehicle running load through the differential D 
and the counter gear mechanism T, running with an 
appropriately adjusted ratio utilizing the engine output 

so for the driving force and the generation energy (battery 
charging) becomes possible. Also, because the reactive 
force applied to the carrier 62 is reversed by driving the 
generator Gas a motor, the force functions as a reactive 
force element for retaining the carrier 62 with the drive 

55 unit case 1 0 through the one-way clutch O at that time 
so that the output of the generator G can be transmitted 
to the ring gear 63, thereby making it possible to 
strengthen the driving force at vehicle take-off by simul- 
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taneous output of the motor M and the generator G (run- 
ning in parallel mode). 

[0044] Next, Fig. 4 shows a hydraulic circuit con- 
struction of the hybrid drive unit. This circuit is provided 
with an oil sump 90 utilizing the bottom of the drive unit 
case 1 0, an electric oil pump O/P which sucks up oil 
through a strainer 91 from the oil sump 90 and which 
discharges it in the circuit, a regulator valve 92 which 
generates circuit line pressure, a brake valve 93 for con- 
trolling engagement/disengagement of the brake B, and 
a solenoid valve 94 for controlling switching of the brake 
valve 93, as the major elements. Thus, this circuit is 
constructed as a control circuit for feeding oil to the cir- 
culation passage supply oil passage L 2 as a coolant for 
cooling the motor M and the generator G and as a lubri- 
cant, and for controlling communication of a hydraulic 
servo supply oil passage L 3 of the brake B to the line 
pressure oil passage and drain communication. 
[0045] The line pressure oil passage on the dis- 
charge side of the oil pump O/P is branched, with one 
branch connected to the supply oil passage L 2 of the cir- 
culation passage through the regulator valve 92, and 
the other branch connected to the supply oil passage L 3 
of the hydraulic servo of the brake B through the brake 
valve 93. The line pressure oil passage and the sup- 
ply oil passage L 2 are connected together through an 
orifice R r The supply oil passage L 2 of the circulation 
passage is branched, with the respective branches 
passing through orifices R 2 , R3. One branch is con- 
nected to the oil passage in rotor shaft 31 of the gener- 
ator G through an oil passage L 4 in the case shown by 
the broken line, and the other branch is further 
branched at an oil passage L 5 in the case, and they are 
connected to an oil container for the motor M and an 
oil container C 2 for the generator G provided in the 
upper part of the drive unit case through orifices R 4 , R 5 , 
respectively. 

[0046] With cooling of the motor M, oil led to an oil 
passage L 7 in the rotor shaft 21 from the coolant con- 
tainer C-j through an oil passage Lq in the case passes 
through an oil passage L 8 in the rotor 22, the detailed oil 
passage structure of which will be illustrated later with 
reference to the sectional structure, and is discharged 
by centrifugal force generated by the rotation of the rotor 
22 toward a coil end 20a of the stator 20 from the end of 
the oil passage. In this way, by passing through the oil 
passage in the rotor 22, the rotor side is cooled. Further, 
cooling is done by the oil discharged from both ends of 
the rotor 22 being blown to the coil end 20a at both ends 
of the stator 20 and by the oil discharged direct from the 
coolant container C t being blown to a stator core 20b 
and the coil end 20a. In the same manner, cooling of the 
generator G is done by the oil discharged by centrifugal 
force from the oil passage in the rotor shaft 31 of the 
generator G through the radial directional oil hole being 
blown to the coil end 30a at both ends of the stator 30 
and by the oil discharged from the coolant container C 2 
being blown to the stator core 30b and coil end 30a. In 



this way, the oil which has thus cooled the motor M and 
the generator G and which has risen in temperature due 
to heat exchange drops into the bottom part of the drive 
unit case or runs down along the case wall so as to be 
5 recovered in the oil sump 90 disposed underneath the 
drive unit. 

[0047] Fig. 5 is a perspective view of an appear- 
ance of the drive unit. A construction is employed in 
which are provided a large number of heat radiation fins 

10 1 0f formed integrally with the case 1 0 on the outer wall 
of the drive unit case 10 made of an aluminum material 
or the like lying outside the oil sump, such that the oil 
recovered in the oil sump is air cooled with air-flow in the 
engine room. In Fig. 5, a reference numeral 10a 

15 denotes a motor accommodating portion in the drive 
unit case, 10b denotes a generator accommodating 
portion, and 10c denotes a differential accommodating 
portion. An inverter U for controlling the motor and the 
generator (hereinafter referred to as inverter, a general 

20 term for inverter for motor and inverter for generator) 
are, as shown in Fig. 5, mounted on the upper part of 
the drive unit case 1 0 and integrated with the drive unit 
case 1 0. 

[0048] Fig. 6 shows the cooling system of the drive 

25 unit schematically and conceptually including the upper 
and lower positional relationship. This cooling system is 
formed by a circulation passage L (shown by the wide 
arrows with hatching in the figure) utilizing oil as the first 
coolant and a flow passage F (shown by white arrows 

30 with fine outline) utilizing cooling water as the second 
coolant. The oil as the first coolant is sucked up by the 
oil pump O/P from the oil sump 90 through the strainer 
91, and cools the generator G and the motor M in the 
sequence as previously described, after which it is once 

35 stored in the bottom of the generator G accommodating 
portion and the bottom of the motor M accommodating 
portion of the drive unit case 1 0 so as to maintain a cer- 
tain oil level that does not come into contact with the 
lowermost part of the rotors 22 and 32, and then the 

40 overflow portion is returned to the oil sump 90, thereby 
ending one cycle of circulation. 

[0049] On the contrary, the cooling water as the 
second coolant constitutes a cooling system wherein 
the oil as the first coolant is cooled with a flow passage 

45 between the partition wall 11, made of an aluminum 
material having good heat conductivity similar to that of 
the drive unit case 10 and constituting a fixing portion of 
the inverter U as the uppermost wall integral with or 
independent from the drive unit case 1 0, and the wall 1 3 

so of the heat exchange portion (heat transfer wall whose 
concrete construction will be described in detail later) in 
the oil circulation passage L in the drive unit case 1 0. In 
this embodiment, isolating means 12 integral with the 
partition wall 11 or the drive unit case 10 or separate 

55 from either of them is provided between the partition 
wall 11 and the heat transfer wall 13. Further, there is 
adopted a construction such that the cooling water flow 
passage F cools the inverter U by the heat exchange 
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through the partition wall 1 1 while flowing between the 
partition wall 11 and the isolating means 12, and the oil 
is cooled by the heat exchange with the oil through the 
heat transfer wall 1 3 while flowing between the isolating 
means 12 and the heat transfer wall 13 of the drive unit 5 
case 1 0. 

[0050] In this embodiment, referring to Fig. 7, there 
is adopted a joining structure of laying a flat plate 
shaped partition wall 11 on a surrounding wall 10* 
upwardly extending from the drive unit case 10 side, so io 
that the cooling water flow passage F is substantially 
contained in the upper part on the drive unit case 10 
side. However, this relation may be reversed to take 
such construction as to provide a surrounding wall 
extending downward from the surrounding of the parti- is 
tion wall 1 1 , thereby constituting the partition wall 1 1 as 
a U-shaped sectional lid member open on the lower 
side and placing it on the upper part of the drive unit 
case 1 0, so that the flow passage F cooling water is 
substantially internally contained on the partition wall 1 1 20 
side. 

[0051] Fig. 7 is an exploded perspective view show- 
ing the connecting structure of the drive unit case 10 
and a power module constituting the inverter U in the 
upper part of the drive unit case in detail, and Fig. 8 25 
shows the same structure from a different viewpoint. 
Fig. 9 and Fig. 1 0 show the same structure cut in differ- 
ent sections. In this embodiment, the coolant containers 
C 1f C 2 are provided on the upper part of the motor 
accommodating portion in the drive unit case 10. The 30 
coolant container is divided into the coolant container 
C-, for the motor and the coolant container C 2 for the 
generator. Halfway in' the flow passage L5 (see Fig. 4) 
for the first coolant leading to both of these coolant con- 
tainers C A , C 2 , there are provided orifices R 4 , R 5 having 35 
different apertures which distribute the feed distribution 
amount of oil to both coolant containers C 1f C 2 accord- 
ing to the thermal loads of the motor M and the genera- 
tor G, and those oil passages are open at inlets 10d, 
10e on the sides of the coolant containers. Dams 10i, 40 
1 0 j are provided in positions near the outlet sides of 
both coolant containers. Further, downstream of the 
dams 10i, 10] of both coolant containers are formed oil 
outlets 10g, 10h which are open to the bottom faces of 
those coolant containers and which function as orifices 45 
for adjusting the discharge flow by the setting of the 
aperture. 

[0052] As is illustrated by the subsequent course of 
passage of the first coolant in Fig. 10, the oil outlet 10g 
is connected to the intra-axial oil passage L 7 at the shaft so 
end of the stator shaft 21 of the motor M, with the intra- 
case oil passage L 6 formed in the drive unit case utilized 
as the flow passage. The intra-axial oil passage L 7 is 
communicated with the peripheral groove formed in an 
end plate 22b supporting both ends of a core 22a of the ss 
motor M through the radial directional oil hole, passes 
through a plurality of intra-rotor oil passages L 8 , of 
which both ends are communicated with the peripheral 



groove, and which are formed in the core 22a in the 
axial direction, and ends at a discharge hole 22c formed 
in the end plate 22b. In the drawing, both ends of one 
intra-rotor oil passage Lq are shown leading to with the 
discharge hole 22c, but in detail, the construction is 
such that only one end of each intra-rotor oil passage L 8 
is alternately led to the discharge hole 22c of the left 
and right end plates, thereby preventing an imbalance in 
the oil running in each rotor oil passage Lg. Also, the oil 
outlet 10h is led above the stator of the generator G 
through the intra-case oil passage, as shown in Fig. 9. 
[0053] The heat transfer wall 13 of the drive unit 
case 1 0 which blocks the upper opening of the coolant 
containers C v C 2 and which forms the wall of the heat 
exchange portion is provided with a large number of 
cooling fins 13a, 13b on its upper face and lower face, 
and is constructed by the aluminum material or the like 
having good heat conductivity similar to the drive unit 
case 1 0. In this embodiment, the heat transfer wall 1 3 is 
an independent member from the drive unit case 10 for 
convenience of processing, and is fixed to the drive unit 
case 1 0 by bolts or the like. The oil cooling fin 1 3b on the 
lower face side of the heat transfer wall 13 change in 
height so as to follow the shape of the bottom part of the 
coolant containers and C 2 , as shown in Fig. 9. The 
arrangement is such that the fins are positioned on the 
entire area of the coolant container so as to improve 
heat transfer. 

[0054] The partition wall 1 1 provided with a power 
module constructing the inverter U constitutes a cooling 
portion of the inverter U. In this embodiment it is con- 
structed so as to house a heat sink for improving the 
heat exchange efficiency. As seen in Fig. 8, it is pro- 
vided with two narrow flow passages in parallel passing 
through the partition wall 1 1 turning back and forth. And, 
in order to run cooling water as the second coolant 
along this flow passage, in this embodiment there is 
provided isolating means 12 made of a material having 
high heat insulating property which is a separate mem- 
ber from the case or the partition wall is abutted with the 
lower face of the partition wall 11. Accordingly, as 
shown in Fig. 6, the first chamber C 3 facing the partition 
wall 1 1 side and the second chamber C 4 facing the drive 
unit case 10 side are separated and defined by the iso- 
lating means 12 between the partition wall 1 1 and the 
drive unit case 10, the chambers C 3 , C 4 are connected 
through the through-hole 12b. 

[0055] In the unit of such a construction, the oil fed 
to the coolant containers C 2 from the respective 
inlets 1 0d, 1 0e is obstructed by the respective dams 10i, 
1 0j and stored for a certain duration of time, after which 
it flows in contact with the oil cooling fins 13b on the 
lower face side of the heat transfer wall 13 to affect suf- 
ficient heat exchange. Then, the portions which ran over 
the dams 1 0i, 1 0j are adjusted according to the amount 
of oil necessary for the motor M and the generator G 
and discharged from the outlets 10g, 10h. Meanwhile, 
the cooling water passes through a hole 12a of the iso- 
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lating means 12 from an inlet 10k open on the upper 
face of the drive unit case 1 0 into the heat sink of the 
partition wall 11, i.e., the first chamber C 4f and heat 
exchange is sufficiently conducted through the passage 
therein. Then, the cooling water is led between the heat 
transfer wall 13 and the isolating means 12 through the 
through-hole 12b of the isolating means 12 where it 
runs across the heat transfer wall 13 while coming into 
contact with the water cooling fins 1 3a on the upper face 
side of the heat transfer wall 13. The cooling water is 
then led outside the drive unit case 10 from a cooling 
water outlet 101 formed in the surrounding wall around 
the opening of the coolant container. The cooling water 
discharged from the drive unit case 10 is cooled by the 
radiator for cooling the engine or the cooler for exclusive 
use and then re-circulated. 

[0056] In this manner, according to the second 
embodiment described above, because the sequence is 
such that the cooling water first cools the power module 
constituting the inverter U through the partition wall 1 1 
and then cools the motor M and the generator G 
through the oil, the cooling water does not conduct heat 
exchange directly with the motor M and the generator G 
or simultaneously with the inverter U. Therefore, it is 
possible to prevent the cooling water temperature from 
rising above the heat resistant temperature of the 
inverter U. Accordingly, it is possible to cool the inverter 
U, motor M, and generator G efficiently and improve 
cooling performance. Also, as the flow passage of cool- 
ing water is formed in the space between the integrated 
inverter U and the drive unit case 10, a complicated 
construction such as that of conventional technology in 
which an exclusive cooling channel is provided around 
the drive unit case can be avoided, thus leading to an 
improvement in space efficiency and a reduction in cost 
Furthermore, by separating the coolant container into a 
coolant container C-j for the motor and a coolant con- 
tainer C 2 for the generator, it becomes possible to indi- 
vidually adjust the amount of oil to be supplied to the 
electric motor M and the electric generator G, respec- 
tively, from the coolant container. Accordingly, by adjust- 
ing the flow ratio with the orifices R 4> R 5 having different 
apertures and supplying the proper amount of oil to the 
motor M and the generator G, the respective objects 
can be effectively cooled according to their cooling tem- 
perature requirements. Furthermore, as the oil after 
heat exchange in the coolant containers C 1f C 2 is led to 
the rotor side of the motor M and the generator G and 
also used for cooling from the inner periphery side by 
utilizing the oil discharged from the rotor by centrifugal 
force, it also becomes possible to further cool the sta- 
tors 20, 30, such that highly efficient motor cooling can 
be conducted by utilizing oil circulation to the utmost 
extent. 

[0057] While in this second embodiment the flow of 
the cooling water as the second coolant is made in the 
up and down stream relationship which flows from the 
first chamber C 3 on the inverter U side to the second 



chamber C 4 side on the coolant container side by turn- 
ing back, as seen most typically in Fig. 6, this stream 
may also be a parallel flow. Fig. 1 1 shows third embodi- 
ments in the schematic view similar to that of Fig. 6. In 

5 this embodiment, the first chamber C 3 facing the parti- 
tion wall 11 side and the circulation passage L for the 
first coolant side of the drive unit case 10, i.e., the sec- 
ond chamber C 4 facing the heat transfer wall 1 3, are 
divided up and down by the isolating means 12 and 

70 made into the flow passages connected in parallel with 
the circulation passage for second coolant. As the rest 
of construction is substantially the same as the second 
embodiment above, the corresponding members are 
indicated with the same numerals to be substituted for 

75 explanation (in this respect, same thing applies to sub- 
sequent embodiments). 

[0058] When such a configuration is taken, it is pos- 
sible to pass cooling water at a lower temperature to the 
second chamber C 4 side facing the heat transfer wall 1 3 
20 of the coolant container, so that the cooling efficiency of 
the motor M and the generator G can be enhanced fur- 
ther. 

[0059] Next, Fig. 12 shows the fourth embodiment 
in which the upper and lower positions of the first cham- 

25 ber C 3 on the inverter U side and the second chamber 
C 4 on the coolant container side are reversed. In this 
embodiment, the cooling water as the second coolant 
firstly flows the side of the first coolant of the drive unit 
case 1 0, i.e., the side of the second chamber C 4 facing 

30 the heat transfer wall 13, and cools the oil through the 
heat transfer wall 13, followed by the first chamber C 3 
facing the partition wall 1 1 side which is divided into the 
upper and the lower parts by the isolating means 12 to 
cool the power module of the inverter U. 

35 [0060] Even in case that such a configuration is 
taken, the cooling structure is such that the cooling 
water as the second coolant does not directly cool the 
motor M and the generator G but cools the oil which cir- 
culatingly cools them and the inverter U sequentially, so 

40 that the heat from the motor M and the generator G is 
heat exchanged by the cooling water through the oil. 
Accordingly, heat is reduced with respect to direct heat 
transfer, and there is an advantage of preventing the 
temperature of the cooling water from rising above the 

45 heat resistant temperature of the inverter U. 

[0061 ] Next, Fig. 1 3 and Fig. 1 4 show schematically 
the fifth embodiment in which the idea of the present 
invention has been embodied with further simplification. 
In this embodiment, division of coolant container is elim- 

50 mated so that there is a single coolant container C 0 so 
as to simplify the construction of the cooling water on 
the flow passage side by omitting the isolating means. 
The thus simplified construction is naturally applicable 
also to the drive unit in which the motor M and the gen- 

55 erator G are provided separately as previously 
explained as the subjects of application of the second 
embodiment and which has a cooling system as shown 
in Fig. 14, but it is also applicable to the drive unit using 
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the motor also as the generator. 

[0062] When employing this type of construction, 
the heat transfer to the cooling water as the second 
coolant is conducted simultaneously on the inverter U 
side and the coolant container C 0 side of the oil as the 5 
first coolant. The heat from the motor M or the generator 
G or from both is reduced by heat exchange with cooling 
water through the oil in the coolant container C 0 with 
respect to direct heat transfer, such that the tempera- 
ture of the cooling water can be prevented from rising 10 
above the heat resistant temperature of the inverter U. 
In addition, the oil circulating in the drive unit case 10 is, 
after cooling the motor M or the generator G or both, 
recovered underneath the drive unit case 10, where it is 
air-cooled and re-circulated. Therefore, by positioning 15 
the coolant container C 0 on the upstream side in the oil 
circulation passage, the oil immediately after the start of 
the circulation following air-cooling is further cooled by 
cooling water, thereby enabling the cooling performance 
of the motor M or the generator G to be improved. 20 
Accordingly, in this case as well, the inverter U and the 
motor M or the generator G, or all three of them can be 
cooled efficiently, such that cooling efficiency can be 
improved. 

[0063] Whereas, in the respective embodiments 25 
above, configuration employed was such that the cool- 
ant containers C 0 , C n , and C 2 are made the spaces to 
be fixed by the drive unit case 10 and the heat transfer 
wall 13, another configuration may be employed with 
respect to this construction. Fig. 15 and Fig. 16 show 30 
the sixth embodiment adopting such construction. In 
this example, the coolant container C 0 has a construc- 
tion in which it is defined by the stator 20 of the motor M 
without specifically interposing a sealing member, by 
utilizing the fact that the coolant is oil so that even if it 3s 
leaks to the motor side, it should not cause any specific 
problem. In this case, particularly, with respect to the 
peripheral wall surrounding the coolant container C 0 , a 
case wall similar to that of the second embodiment 
above may be adopted. However, in this embodiment, 40 
the wall is a surrounding wall 13c which extends down- 
ward from the heat transfer wall 13, and the bottom wall 
of the coolant container C 0 is an outer periphery of the 
core 20b of the stator 20 of the motor M. In this configu- 
ration as well, similar manner to the fifth embodiment, as 
with respect to the flow passage of cooling water as the 
second coolant, the isolating means is omitted to sim- 
plify the construction so that the cooling water is in con- 
tact simultaneously with the partition wall 1 1 and the 
heat transfer wall 13. In this case as well, in terms of so 
improving cooling efficiency, naturally it is possible to 
employ a cooling water flow passage construction simi- 
lar to that of the second embodiment. 
[0064] When this type of embodiment is adopted, 
the iron core, which forms the stator 20 of the motor M, 55 
and the oil come into direct contact without being medi- 
ated by the wall of the drive unit case 10, which is 
advantageous in that the motor M can be cooled more 



effectively. Also, when the surrounding wall 13c of the 
coolant container C 0 is formed with a heat transfer wall 
of a separate member, as described above, there is the 
advantage that the structure for circulating the oil in the 
drive unit case 10 can be further simplified. 
[0065] Above, the present invention has been 
described in detail based on six embodiments. How- 
ever, the present invention is not limited to these 
embodiments but can be implemented with various 
modifications of the specific construction within the 
scope of the matter described in the claims. For exam- 
ple, in each of the aforementioned embodiments, the 
second coolant is illustrated as cooling water but natu- 
rally other appropriate coolants may be used. 
[0066] In a drive unit using an electric motor as a 
driving source, a coolant circuit for cooling the electric 
motor is simplified. The drive unit comprises an electric 
motor M and a circulation passage L for coolant for cool- 
ing the motor M in a drive unit case. There is provided a 
circulation passage F for second coolant different form 
the circulation passage L for coolant. A heat exchange 
portion C with the circulation passage L for the first cool- 
ant in the drive unit case is provided in the circulation 
passage F for the second coolant, and the first coolant 
for cooling the electric motor is cooled by heat transfer 
to the second coolant at one heat exchange portion on 
the drive unit case side. Accordingly, the coolant circuit 
on the drive unit case side is simplified. 

Claims 

1. A drive unit having an electric motor and a circula- 
tion passage for a first coolant for cooling said elec- 
tric motor in a drive unit case, characterized in that 

a circulation passage for a second coolant dif- 
ferent from said circulation passage for the first 
coolant is provided, 

said circulation passage for the second coolant 
has a heat exchange portion with the circula- 
tion passage for the first coolant, and 
the first coolant for cooling the electric motor is 
cooled by the heat transferred to the second 
coolant at the heat exchange portion. 

2. A drive unit according to claim 1 comprising an 
inverter for controlling said electric motor, wherein 
the circulation passage for the second coolant has 
a cooling portion for cooling the inverter. 

3. A drive unit according to claim 2, wherein said heat 
exchange portion is disposed on the downstream 
side further than the cooling portion of the inverter 
in the circulation passage for the second coolant. 

4. A drive unit according to claim 2, wherein said drive 
unit case is provided with a partition wall for fixing 
an inverter to the case, and 
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a flow passage for the second coolant is 
formed between said partition wall and the cir- 
culation passage for the first coolant, and the 
cooling portion of the inverter is used as the 



A drive unit according to claim 4, wherein isolating 20 
means for defining the first chamber facing the par- 
tition wall side and the second chamber facing the 
circulation passage side for the first coolant is pro- 
vided in said flow passage for the second coolant 
and 25 



18 

11. A drive unit according to claim 10, wherein said 
coolant container is divided into one for an electric 
motor and one for an electric generator. 

A drive unit according to claim 11, wherein an ori- 
fice for distributing a supply proportion to both cool- 
ant containers is provided in the flow passage for 
the first coolant leading to the coolant container for 
said electric motor and to the coolant container for 
said electric generator. 

A drive unit according to claim 10, wherein said 
coolant container has a dam in the vicinity of an out- 
let thereof. 

A drive unit according to claim 10, wherein said 
coolant container is defined by a stator of the elec- 
tric motor or the electric generator. 

15. A drive unit according to claim 10, wherein said cir- 
culation passage for the first coolant has a flow pas- 
sage passing through a rotor of the electric motor 
downstream of the coolant container, and the flow 
passage is terminated at a discharge hole provided 
in the rotor. 



partition wall. 5 12. 

A drive unit according to claim 4, wherein 

isolating means for defining a first chamber fac- 
ing the partition wail side and for defining a sec- 10 
ond chamber facing the circulation passage 
side for the first coolant in said flow passage for 1 3. 
the second coolant, and 

the first chamber and the second chamber are 
mutually communicated an upstream side of is 
the circulation passage for the second coolant 14. 
being the first chamber and a downstream side 
thereof being the second chamber. 



the first chamber and the second chamber are 
connected in parallel to the circulation passage 
for second coolant. 

30 

7. A drive unit according to claim 4 comprising an 
electric generator and a circulation passage for the 
first coolant for cooling the electric generator in a 
drive unit case, and further comprising an inverter 

for controlling the electric generator, wherein 35 

the inverter is fixed to the partition wall. 

8. A drive unit according to claim 5 comprising an 
electric generator and a circulation passage for the 40 
first coolant for cooling the electric generator in a 
drive unit case, and further comprising an inverter 

for controlling the electric generator, wherein 

said inverter is fixed to the partition wall. 45 

9. A drive unit according to claim 6 comprising an 
electric generator and a circulation passage for the 
first coolant for cooling the electric generator in a 
drive unit case, and further comprising an inverter so 
for controlling the electric generator, and 

said inverter is fixed to the partition wall. 



10. A drive unit according to any one of claims 4 to 9, 55 
wherein said drive unit case has a coolant container 
for the first coolant in a position facing the flow pas- 
sage for the second coolant. 
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(54) Drive unit 

(57) In a drive unit using an electric motor as a driv- 
ing source, a coolant circuit forcooling the electric motor 
is simplified. The drive unit comprises an electric motor 
M and a circulation passage L for coolant for cooling the 
motor M in a drive unit case. There is provided a circu- 
lation passage F for second coolant different from the 
circulation passage L for coolant. A heat exchange por- 
tion C with the circulation passage L for the first coolant 
in the drive unit case is provided in the circulation pas- 
sage F for the second coolant, and the first coolant for 
cooling the electric motor is cooled by heat transfer to 
the second coolant at one heat exchange portion on the 
drive unit case side. Accordingly, the coolant circuit on 
the drive unit case side is simplified. 
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